THERE has been much controversy regarding the pathogenesis of the so-called general symptoms of brain tumours. They are often ascribed to one or more factors which produce an increase in the intracranial pressure. It is generally accepted that these factors are: firstly, the increase in the contents of the intracranial cavity produced by the size of the tumour and the surrounding cedema; secondly, the effect on the vascular system, producing rise in the venous pressure; and, thirdly, the effect on the flow of the cerebrospinal fluid.
THERE has been much controversy regarding the pathogenesis of the so-called general symptoms of brain tumours. They are often ascribed to one or more factors which produce an increase in the intracranial pressure. It is generally accepted that these factors are: firstly, the increase in the contents of the intracranial cavity produced by the size of the tumour and the surrounding cedema; secondly, the effect on the vascular system, producing rise in the venous pressure; and, thirdly, the effect on the flow of the cerebrospinal fluid.
The present work is devoted to the study of the general hydrocephalic symptoms in ioo consecutive cases of increased intracranial pressure. An attempt at clarification of the controversies with regard to the pathogenesis of these symptoms, based on the pathological changes encountered in these cases, is made.
Material and Methods
The material presented comprises ioo consecutive cases of increased intracranial pressure, 56 with infratentorial and 44 with supratentorial lesions. Of the 56 infratentorial cases, 32 were cerebellar tumours, one subarachnoid cyst between the tentorium and superior surface of the cerebellum, five pineal region tumours, five brain-stem tumours, four cerebellopontine angle tumours, five post-meningitic hydrocephalus, two choroid plexus tumours in the fourth ventricle and two cases of gliosis of the aqueduct of Sylvius. Supratentorial lesions comprised nine parasagittal meningiomas, six thalamic tumours, five temporal, one occipital, four pariet-occipital, five frontal lobe tumours, four extensive tumours in one hemisphere, two lateral ventricle tumours, two suprasellar tumours, one case of corpus callosum tumour, four cases of secondary metastatic nodules irregularly dispersed in the cerebral hemispheres and one case of chronic subdural hematoma.
Fifty-one cases were gliomas, of which 29 were in the cerebellum, brain stem and around the aqueduct and 22 in the cerebrum; I2 cases were meningiomas, nine parasagittal, one in the lateral sphenoid ridge, one suprasellar and one infratentorial in the pineal region. The rest comprised IO tuberculomas, eight cerebellar and two hemispherical; four pinealomas; two neurinomas; two choroid carcinomas; one cranio-pharyngioma; one cholesteatoma; four hamangioblastoma cerebelli and two chronic abscesses, one cerebellar and one temporal. In each case serial coronal sections of the brain were made and the extent of the lesion verified. The ventricles were examined with particular attention to their size and position. Paraffin sections stained with H. and E. were prepared from the lesion, parts of the affected and contralateral hemispheres, including the basal ganglia and diencephalon, and the brain stem. The optic nerves and chiasma from six cases showing papillcedema and six cases of post-papilkedemic optic atrophy were examined histologically, using H. and E. and Smith Queigley stains.
The clinico-pathological data relevant to our issue and discussions of the pathogenesis of the general symptoms of increased intracranial pressure will be presented in two separate parts, the first dealing with the factors responsible for the production of hydrocephalus in space-occupying lesions, while the second deals with the pathogenesis of the individual manifestations of the so-called general symptoms of increased intracranial pressure.
Factors Responsible for Production of Hydrocephalus in Space-occupying Lesions 
Pathology
At autopsy all the cases showed the presence of tonsillar herniation, indicating a downward shift of the whole brain. Tumours in the supratentorial space showed, in addition, displacement of the cerebral hemispheres to the contralateral side and uncal herniation that was more marked on the side of the lesion.
All cases, whether the tumour was supra-or infratentorial, central or lateral, were associated with internal hydrocephalus which was either communicating or partially so. Tumours arising in or near ventricles, as those of the third ventricle and suprasellar, pineal, cerebellar and cerebellopontine angle tumours, produced obstruction to the flow of the CSF. In these cases the ventricular system above the level of the obstruction was dilated and central in position. Supratentorial tumours away from the cavity of the third ventricle showed dilatation of the third and of the two lateral ventricles only. The ventricular system was shifted to the opposite side of the lesion. There was a kink at the upper end of the cerebral aqueduct near its opening in the third ventricle (Figs. i and 2). This part of the aqueduct was flattened from side to side with obliteration of the flow of CSF. This finding was noted irrespective of the site of the tumour in the hemisphere, whether frontal, temporal or occipital, peripheral or central (Figs. 3, 4, 5 and 6) .
Naked-eye examination of the brain stem showed the presence of multiple hemorrhage irregularly dispersed in 23 cases (Figs. 7, 8 and 9) .
In two of these cases there was hamorrhages in the diencephalon as well, on the same side of the lesion (Fig. 6) Cerebral cedema associated with brain tumours was therefore absent in a large number of cases in our series. When present it was seen in the tumour as well as in the rest of the affected hemisphere. It is noteworthy that edema was present only in cases that were surgically treated. The cases that were not interfered with surgically or subjected to lumbar puncture or ventriculography did not show cedema.
In 23 cases lumbar puncture was performed and CSF pressure and chemistry were recorded. The pressure was increased in io out of these 23 cases (41'7%). At autopsy it was confirmed that those cases with normal pressure of CSF had complete obstruction to its flow with a non-communicating hydrocephalus. On the other hand, the lesion in the cases showing rise of pressure was located in such situations as to cause only partial obstruction to the flow of CSF producing communicating hydrocephalus (Table i) . Somewhat conflicting results are reported from examination of spinal fluid pressure, e.g. Ayer (1929) and Puusepp (1928) reported normal fluids in only a few cases of their series, while Greenfield and Carmichael (I925) and Mandelboim (1930) were compressed and actually flattened without corresponding appreciable signs of neural deficiency. As to cedema surrounding the brain tumour (Reichardt, 1905; Cassirer and Lewy, 1920; Fortig, 1921) , it was noticed that it occurred in 26 cases only and that these cases were interfered with surgically or by puncture. Thirdly, venous obstruction or rise of venous pressure as a cause of decreased absorption or increased formation of CSF is doubtful. The absorption of CSF in the superior sagittal sinus is a passive process and depends only on the gradient of pressure between it and the subarachnoid space. The sinus is well protected in 
Headache
Headache was the commonest symptom in all our cases. In 95% it was the first symptom and was preceded by vomiting in only 5%. These five cases were all children suffering from subtentorial tumours. It was noted that headache disappeared when hydrocephalus was advanced. In fact, when hydrocephalus reached the stage in which it was accompanied by post-papillcedemic optic atrophy headache was never complained of.
It appears, as is generally accepted, that headache is the result of stretch of the arachnoid covering with its blood vessels by the expanding brain (Penfield, Evans, Brickner and German, 1934) . The cessation of the complaint of headache is usually ascribed either to the clouding of consciousness accompanying the hydrocephalus in its late stages or to the fact that the arachnoid has reached its maximum limit of stretch.
Vomiting
Vomiting was encountered in 57 cases: 47 subtentorial (84% of subtentorial lesions) and io supratentorial (22.7% of supratentorial lesions). in the majority of supratentorial compared with the subtentorial tumours (27 out of 35 in the first and only i6 out of 5I in the second). Farreaching in its significance is the finding that I4 cases that presented complete obstruction to the flow of CSF with non-communicating hydrocephalus and normal or subnormal pressure of CSF in the subarachnoid space showed very minimal papillcedema (2 D). In some of these cases, particularly those that proceeded rapidly to optic atrophy, it was really difficult to judge if the atrophy was post-papillcedemic. Summing up, we can safely deduce that the incidence and degree of papillcedema depends on the amount of CSF in the basal subarachnoid space. This is supported by the fact that in cases of idiopathic (benign) intracranial hypertension which are associated with a fully communicating hydrocephalus papillcedema was often very marked and chronic. Although fundus changes are commoner in subtentorial tumours, yet the changes are severe and more advanced in the supratentorial lesions.
In discussing the pathogenesis of papillcedema in cases of brain tumours we have to differentiate between the mechanisms underlying each of its two main components: swelling of the optic disc and congested retinal veins. We believe that swelling of the optic disc is due to stagnation of CSF in the base of the brain and hence in the sheaths of the optic nerves. This is due to impairment of the movement of CSF over the hemisphere to reach the superior sagittal sinus. Normally the circulation of the CSF is maintained by the propulsion and suction effect of the brain pulsations on the subarachnoid space (Dott, I954 Reichardt's (1905) and Spatz's (1930) suggestions that interstitial cedema in optic nerves, tract and chiasma is responsible for papillerdema were not substantiated in our cases. We studied the optic nerves, tracts and chiasma in I2 cases manifesting papillcedema or post-papillcedemic optic atrophy microscopically for the presence of interstitial cedema. In none of these cases was such a finding encountered (Fig. ii) . As to the pathogenesis of congested retinal veins, we agree with the current opinion that the rise of venous pressure associated with brain tumours is the responsible factor. It was more common and earlier in cerebellar and fourth ventricle tumours than those of the brain stem and supratentorial lesions.
At autopsy it was noted that post-papillcedemic optic atrophy was directly related to the degree of dilatation of the third ventricle. It was observed that in cases of hydrocephalus secondary to brain tumours the third ventricle is enlarged at the anterior part of its floor and to a lesser extent in its transverse diameter. Other dimensions were hardly affected. Table 3A and B, compares the dimensions of the third ventricle in I3 tumour cases and in I2 normal cases.
The anterior part of the floor of the third ventricle is the most delicate part. It constitutes both the optic and the infundibular recesses. The dilatation of the optic recess occurs at the expense of compression, flattening and, later, atrophy of the optic chiasma and roots of the optic nerves. In some cases these were reduced to flattened thin filaments stretched over the dilated floor of the third ventricle, which appeared as a cyst. In confirmation of this hypothesis: firstly, three cases (two subtentorial and one supratentorial tumours) had their fields of vision examined before the onset of atrophy and complete blindness. In these cases various field defects were shown indicating compression of various fibres of the optic chiasm and nerves with patchy limitation of conduction before final retrograde atrophy had set in. Secondly, in hemispherical tumours optic atrophy Wilson, however, did not think of these syndromes as specific to brain tumours, as they were met with in cases of encephalitis (Wilson, I9I8) .
Sometimes, however, the person concerned is predisposed and the specific psychiatric symptoms are coincidental.
None of our series showed any specific positive mental picture. The analysis of these symptoms shows that they all represent some degree of disturbance consciousness, e.g. loss of memory is uncQnsciousness of the past, disorientation is poor consciousness of the surroundings, while apathy and poor response are a manifestation of lack of attention, i.e. unconsciousness of the present.
Though the mental symptoms accompanying brain tumours at various sites are of the same reaction type, yet they may differ in degree and in the extent to which they dominate the clinical picture. Thus they might still be of localizing value.
It is thought that pathologically these mental symptoms were associated with tumours which interfere with large association fibre systems, viz. corpus callosum, occipito-temporal fasciculus and occipito-frontal fasciculus (Wilson, 193I; Burns, i908; Pfeifer, I928 Jacksonian fits are of highly localizing value (Collier, 1904;  Muskens, I928; Beduschi, I928), while generalized convulsions are not.
It is generally accepted on both physiological and electro-encephalographic evidence that convulsions are a manifestation of discharge from the diencephalon and the brain-stem reticular formation. Even Jacksonian convulsions are proved to be due to a localized diencephalic discharge in response to afferents from a cortical area. The stimulus here would not be of sufficient strength to evoke the whole diencephalon.
Being of such an origin, convulsions of the nonJacksonian type would be considered of nonspecific localizing value. Hence we find cortical lesions producing generalized convulsions similar to those of central or even subtentorial localization.
Summary
(i) The general symptoms of increased intracranial pressure in ioo cases are described and their pathogenesis discussed.
(2) The report is divided into two parts. The first deals with the factors responsible for production of hydrocephalus in space-occupying lesions. We are of the opinion that obstruction to the flow of the CSF is the main factor in the pathogenesis of increased intracranial pressure. Jacksonian fits is discussed.
